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FAILURE MODES EFFECTS ANALYSIS {FMEA] - CRITICAL HARDWARE
NUMBER: 04-2-¥12-13-X

SUBSYSTEM NAME: AUXILIARY FOWER UNIT {AFL)

REVISION: 4 08/09/93
PAHAT NAME PART NUMBER
VENGOR NAME VEMNDOR NUMBER
LRU : AUXILIARY POWER UNIT {APU) ME201-0001 02X
SUNDSTRAND 720867 XX/T54048
LAU : AUXILIARY POWER UNIT {aPU) MC201-0007-03XX
SUNDSTRAND THBETXX/TEAR40A
LRU D ALXILIARY POWER UNIT {APL) MUC201-0001 043X
SUNDSTRAND XFd2211X
ZRU : VWALVE, SCLENQID £905137
SAME
SRU 1 VALVE, SOLENOID 5907034
SAME
SHU T VALVE, SOLENCID 59906
SAME

PART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:

GAS GENERATOR VALVE MCDULE, TWO-THREE WAY SOLENQID VALVES IN SERIES,
ONE NORMALLY OPEN AND THE OTHER NORMALL Y CLOSED.

QUANTITY OF LIKE ITEMS: 3
ONE PER APU

FUNCTICN;

WHEN YALVE CYCLES, IT PROVIDES APU TURRINE FRIMARY AND SECOMDARY SPEED
CONTROL. NORMALLY CLOSED VALYE SHUTS DOWN THE APU.
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FAILURE MORES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MODE
NUMBER: 04-2-¥12.13-01

REVISION: 4 0&/09/93

SUBEYSTEM NAME: AUXILIARY POWER UNIT (AP
LRU: AUXILIARY POWER UNIT {APLY GRITICALITY OF THiS
ITEM NAME: VALVE, SOLENCID FAILURE MODE:; 111

FAILURE MOLCE:
RUFTURE OR EXTERNAL LEAK CAUSED BY DECOMPQSITION OF FUEL WIiTHIN THE
MCOULE,

MISSION PHASE:

PL PRELAUNCH

LG LIFT-OFF

oo DE-QRBIT

LS LANDING SAFING

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMEIA
103 DISCOVERY
104 ATLANTIS
105 ENDEAVOUR

CAUSE: _
STRUCTURAL FAILURE OF TORQUE TUBE. TORQUE TUBE TO FLAPPER OR TORQUE
TURE TO FLEXURE ASSEMBLY WELD FAILURE, ALLOWING FUEL INTO THE SOLENOID
CAVITY RESULTING (N DECOMPOSITION. SOLENOID GOIL WINDING SHORTING. OR
CONTROLLER POWER LEFT ON AND PG VALVE DAIVER FAILS ON RESULTING IN

| OVERHEAT AND HYDRAZINE DECOMPOSITION,

CRITICALITY 1/1 DURING INTACT ABORT QNLY? NO

REDUNDANCY SCREEN Ay NA

B) N/A
C)NA )
PASS/FAIL RATIONALE:
A)
E)
C)

» FAILLIRE EFFECTS -

(A} SUBSYSTEM:
APL UNDERSPEED SHUTDOWN ANC LOSS OF AN APU OPERATION IF LEAK S GROSS.

(B) INTEAFACING SUBSYSTEM(S):
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MODE
NUMBER: 04-2-V12-13-1

ADJACENT REDUNDANT EQUIPMENT AND COMPOMENTS EXPOSED TO RAW FUEL.
LOSE QF SHAFT POWER TO ONE HYDRALULIC PUMP, POQSS(BLE DAMAGE TO
AREDUNDANT ECUIPMENT.

(€) MISSION:
ABORT DECISION |5 REQUIRED, IF FAILURE OCCURS PRIOR TO ENTRY COMMITMENT.

(DY CAEW, YEHICLE, AND ELEMENT(S):

POSSIBLE LOSS OF VEHICLE IF FUEL ENTERS AFT FUSELAGE AND 13 IGNITED OR IF
DAMAGE EXTENDS TO REDUNDANT EQUIPMENT CAUSING LCGSS OF ANOTHER
HYDRAULIC/APU SYSTEM. THIS POSSIBILITY IS LESSENED BY THE AUTOMATIC
CLOSURE OF TANK ISOLATION YALVES WHICH LIMITS THE AMCLINT OF HYDRAZINE
THAT CAN ENTER THE AFT COMFARTMENT,

() FUNCTIONAL CRITICALITY EFFECTS:
NONE

DISPOSITION RATIONALE-

{A) DESIGN: -

THE TORQUE TUBE IS MADE QF 17-7 CH30Q0 CRES AND IS ELECTRON-BEAM WELDED
TO 304L CRES STEEL FLEXURE ASSEMBLY BODY AND 17-7 PH TH1050 CAES FLAFPER.
THE IGGVM HAS DUAL WELDS BETWEEN THE TGRQUE TUBE AND BCODY. THE
BASELINE GGWVM HAS A SINGLE WELD.

THE SOLENGID COILS ARE WOUND WITH 220FC MAGNET WIRE ON A SPLIT ALUMINUM

FRAME WHAP WITH KAFPTON TAFE AND FIBERGLASS YARN. THE COIL 18 COVERED
WITH FIBEERGLASS YARN AND POTTED IN 813-9 COMFQUND,

{9) TEST:

THERE HAVE BEEN OVER 1200 HOURS OF VALVE MODULE OPERATION ON 78
DIFFERENT VALVES OVER A 9-YEAR FERIOD. THREE DEVELOPMENT GGVM'S HAVE
106 HOURS EACH (70 MISSIONS) DURING GROUND TESTING. EACH UNIT JS LEAK
CHECKED AND PROQFED AT 2282 PSIG DURING ATP.

THE COILS ARE CHECKED FOR INSULATION ﬁESISTANCE, HI PGT AND OPERATING
CURRENT AND VaLVE TIMING DURING ATP. AGCEPTANCE LEAKAGE TEST
CONDUCTED AT BOTH YALVE AND APU LEVEL

CERTIFICATION DEMONSTRATED 100 HOURS FLUID CAPARILITY, SIMILAA DESIGM
PULSE CONTROL VALVES ON APU /N 105, 102 HAVE EACH CYCLED OVER 200K WITH
MO FAILURE, IMPROVED APU GGYM CYCLED 900K CYCLES.

CEATRCATION TESTS CONDUCTED AT THE APU LEVEL WERE - THERMAL YACUUM,
BENCH SHOCK, FOR A TOTAL OF 40 HR QPEFATICN. VIBRATION "X" AXIS 3.2 GAMS "Y"
AND "7" AXES 4.1 GRMS, DURATICON EQUIYALENT TO 100 MISSIONS,

OMRSED: TOXIC VAPOR CHECKS, POST.FLIGHT INSPECTION AND FLIEL VALVE COIL
RESISTANCE TESTS PERFORMED EVERY FLOW.

(C) INSPECTION:

RECENVING INSPECTION
MATERIAL AND PROCESSES CERTIFICATIONS ARE VERIFIED.
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FAILURE MODES EFFECTS ANALYSIS (FMEA)} — CRITICAL FAILURE MODE
NUMBER: 04-2-¥12.13-01

CONTAMINATION CONTROGL

CLEANLINESS OF INTERNAL FUEL SURFACES TO LEVEL 100 IS VERIFIED BY
INSPECTION, FLUID SAMPLES ARE ANALYZED FOR CONTAMINATION AND VERIFIET: BY
INSPECTION. CORROSION PRUTECTICN REQUIREMENTS ARE VERIFIED BY
INSPECTION.

ASEEMBLY/INSTALLATION

MANUFACTURING, ASSEMELY. ANLC INSTALLATION AEQUIREMENTS ARE VERIFED BY
INSPECTION. CRITICAL GIMENSIONS AND SURFACE FINISHES ARE YERIFIED BY
INSPECTION. C-RINGS AND O-RING INSTALLATION |5 VERIFIED BY INSPECTION.
TORQUE TUEE IS VERIFIED BY INSPECTION. SOLENOID FABRICATION IS VERIFIED BY
INSPECTION.

NONDESTRUCTIVE EVALUATICN

MO MNDE IS CURRENTLY FERFORMED OGN ALL CRITICAL WELDS., ROCKWELL MATERIAL
AND PHOCEESS ENGINEEHRING IS INVESTIGATING POTENTIAL NDE METHODSE FOR
CRITICAL WELDS,

F/M 59506:

MICRG X-AAY INSPECTION OF THE FLEX TUBE MATERIAL FOR FLAWS 15 VERIFIED BY
INSFECTION.

P/M 5205137
IMPRQVED GGYM EDDY CURRENT TEST PERFORMED ON FLEX TUBE WHICH 1S
VERIFIED BY INSPECTICN.

CRITICAL PROCESSES

WELDING TO SPECIFICATIONS REQUIREMENTS IS VERIFIED BY INSPECTION. WELDING
PROCGEDURES, EQUIPMENT AND SCHEDULES ARE UNDGER INVESTIGATION FOR
POTENTIAL IMPROVEMENT. DESTRLUIGCTIVE TESTINGANSFECTION OF LOT SAMPLES
F PRCDUCTION HARDWARE 1S UNDER CONSIDERATION TO EXAMINE FOR PRCPER
WELD PENETRAT:ONCONCENTRICITY. HEAT TREATING IS YERIFIED BY INSPECTICN.

TESTING
TEST EQUIFMENT AND TOOL CALIBRATION ARE VERIFIED BY INSPECTION. ATF IS
WMTNESSED AND VERIFIED BY INSPECTION.

{D) FAILURE HISTORY:

CAR AC3326 - FLEX TUBE WELD FAILUAE. CORRECTIVE ACTHON WAS TO IMFROVE
ABRMATURE FLEX TUEE WELDMENT AND TO CONDUCT MICRO X-RAY INSPECTION GF
THE FLEX TUBE MATERIAL TG VERIFY THAT SMALL (.002 DIA ANG 004 DEEP) FLAWS
DO NOT EXIST. THE FLEX TUBE FAILURE WAS DISCOVERED DURING FLUSH AND
DECONTAMINATION (F&D} AFTER ATP HOT FIRE. EXAMINATION OF THE FAILED TURE
DISCLOSED AN INCLUSION. THE CONCLUSION WAS THAT THIS DEFECT CREATED A
STRESS CONCENTRATION PQINT AND THE TUBE CRACKED DUE TO FATIGUE UNDER
NORMAL OPERATING LOADS.

CAR AC9413 DOCUMENTS A GGYM COIL FAILURE DURING APL 208 (F&D) AT THE
VENDOR. CORRECTIVE ACTION CONSISTED OF CHANGING THE OMRSD TO VERIFY
THE COIL RESISTANCE OF EACH GGYM AND ISOLATION VALVE BEFORE EACH FLIGHT.

GCAR ADOTED - AN APL TANK ISOLATION VALVE COIL CAVITY LEAK QCCURRED QN OV-
102, FLIGHT 7. THE SEALING O-RING WAS FOUND TO BE DEFECTIVE. CORRECTIVE
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FAILURE MDDES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MODE
NUMEBER: 04-2-¥1{2-13.-01

ACTION CONSISTED OF REPLACING THE OLD VALVE COVER WITH ONE HAVING
STRICTER GROCVE DIMENSIGNS TO ACHIEVE A BETTER SEAL.

CAR ADBGB7 - GGVMIGGYM EB WELDS FOUND TO BE UNDER FRINT REQUIREMENT
FOR WELD PENETRATION IN SOME LOCATIONS. WELD CRACKS FOUND IN FLEXTUBE

TO FLAPPER WELD'S, INTERIM REMEDIAL ACTION INVOLVES LIMITING GGYM
| RUNTIME.

(E) OPERATIONAL USE:

IF FAILLAE IS DETECTED. CLOSE TANK ISOLATION VALVES AND SHUT OFF THE
CONTROLLER POWER AS SOON AS POSSIBLE.

- APPAOVALS -
EDITORIALLY APPROVED Rl
EDITORIALLY APPROVED 1JSC
TECHNICAL AFPROVAL tVIA CR
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